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In liquid crystal 
display devices based 
on smcctic LC material 
having a high polarization 
(Deformed Helix FIX, 
twisted FLC, monostable 
FLC, electroclinic smcctic 
A LC and an ti ferroelectric 
LC), the memory effect 
in, for example, monitor 
or video applications is 
eliminated by presenting 
compensation voltages in 
matrix displays based on 
MIMs, TFTs or diodes, 
dependent on die data in 
a previous frame, so that 
the polarization within 
a cell always switches to 
the correct value. 




1- „ 1- 





X 



u- 





X 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


bat/ 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgysun 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SO 


Sudan 
Sweden 


CF 


Central African Republic 




of Korea 


SE 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d'lvoirc 


U 


uecntenstem 


SK 


Slovakia 


CM 




LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 
Denmark 


LV 


Latvia 


TJ 


Tajikistan 


DK 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spam 


MG 


Madagascar 


UG 


Uganda 


Fl 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/12355 



1 



PCT/IB96/00931 



Display device. 



The invention relates to a display device comprising a plurality of pixels 
arranged in the form of a matrix in rows and columns, with a liquid crystal material from the 
group of smectic liquid crystal materials comprising ferroelectric liquid crystal material 
having a deformable helix, ferroelectric liquid crystal material having a twisted smectic 

5 structure, monostable ferroelectric liquid crystal material, electroclinic smectic A liquid 
crystal material and antiferroelectric liquid crystal material between a first substrate and a 
second substrate, and further comprising a group of row electrodes and a group of column 
electrodes, each pixel on at least one substrate comprising a picture electrode which is 
connected to a column electrode or row electrode via an active switching element, the display 

10 device comprising means for presenting selection voltages to the row electrodes and data 
voltages to the column electrodes. 

Display devices of this type are applicable as video displays (for example, 
in projection systems) but also, for example, in datagraphic monitors, or as viewfinders. 

15 

A display device of the type mentioned above is described in "A Full- 
Color DHF-AMLCD with Wide Viewing Angle" in SID 94 Digest, pp. 430-433. The use of 
devices with DHFLC material (Deformed Helix Ferroelectric Liquid Crystal) is described in 
this article as being advantageous with respect to SSFLC devices (Surface Stabilized 
20 Ferroelectric Liquid Crystal) due to the lack of multidomains, while grey scales can be better 
realized due to a more continuous change of the transmission/voltage characteristic. In spite 
of the fast switching time which is mentioned for the mixture used in the display device, the 
frame frequency remains, however, too low for video applications (NTSC or PAL). 
Moreover, image sticking (after images) also occurs in the device described in this article. 

25 

It is an object of the invention to provide a display device of the type 
described in the opening paragraph, which can operate at frame frequencies of more than 20 
Hz (for example, 50 Hz (PAL)). 
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It is another object of the invention to provide a device in which there is 
little or no after-image. 

To this end, a display device according to the invention is characterized in 
that the display device comprises a control circuit for compensating the voltage amplitude of 

5 the data signal voltage, at least a part of the compensation being determined by the data 
signal during a previous drive period. 

In this connection, the drive period is understood to mean a recurrent 
period within which the display cells are provided with selection signals. In addition, 
correction of the data voltage is possible (for example, for temperature variations). 

10 The invention is based on the recognition that when the voltage is applied 

across a pixel, the spontaneous polarization in said LC materials and the switching time of 
the material play such a role that either such a long time is necessary that the display device 
as a whole becomes too slow, or the pixel does not acquire the desired charge and the 
associated transmission value. The above-mentioned article proposes to give a row of pixels 

15 first an auxiliary voltage (reset) prior to selection, but also in that case the pixel does not 
always acquire the desired charge due to the important role of the spontaneous polarization, 
so that an incomplete reset occurs. Since the charge (and hence the transmission value) 
across the pixel is undefined again after this reset, the data signal then applied at a 
subsequent selection will lead to a different final value of the charge (and hence the 

20 transmission value) across the pixel than was intended, and so forth. Even at the same grey 
scale of the pixel to be written in a period lasting several frame periods, it may take several 
frame periods before this "memory effect H is eliminated. This effect notably occurs when the 
presented signal changes (grey level change). 

In a display device according to the invention, the "memory effect" is at 

25 least substantially completely eliminated because the data signal (and hence the associated 
polarization and transmission value) of a pixel as applied during a previous drive period 
(frame), is used via the control circuit for compensating the voltage amplitude of the 
presented data signal. The data voltage thereby determined is then actually composed of a 
reset component and a data component, with the reset component being determined by the 

30 polarization associated with the transmission value due to the data voltage presented during a 
previous drive period (frame). 

The same problems occur in other liquid crystal effects having a large 
spontaneous polarization, whose value increases with the electric field. The 
transmission/voltage characteristic for positive and negative voltages is then usually 
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symmetrical. Examples of such effects are described in 

- J.S. Patel: •Ferroelectric Liquid Crystal Modulator using Twisted Smectic Structure", 
Appl. Phys. Lett. Vol. 60(3) pp. 280-282 (1992) 

- H. Okada et al: "New Display Mode of Ferroelectric Liquid Crystals with Large Tilt 
5 Angle", Ferroelectrics Vol. 149, 171-181 (1993), 

- D.M. Walba et al: High Performance Electroclinic Materials", Ferroelectrics Vol. 148, 
435-442 (1993). 

Another example is the anti-ferroelectric liquid crystal effect. 

A first preferred embodiment of a display device according to the 

10 invention is characterized in that the data signal voltage is inverted during successive drive 
periods, and in that, with an increasing voltage amplitude of the data signal with respect to 
the voltage amplitude of the data signal during the previous drive period, the control circuit 
decreases the voltage amplitude of the data signal to a value between the voltage amplitude of 
the data signal during the drive period and the voltage amplitude of the data signal during the 

15 previous drive period, and, with a decreasing voltage amplitude of the data signal with 

respect to the data voltage during the previous drive period, increases the voltage amplitude 
of the data signal to a value between the voltage amplitude of the drive signal during the 
drive period and the voltage amplitude of the drive signal during the previous drive period. 

Since the voltage amplitudes of the selection voltages for the different 

20 frames are usually identical, only a memory for the data signal voltages is required in this 
embodiment. By inverting, problems due to the build-up of DC voltages across the cell are 
prevented. 

To determine the correction of the voltage amplitude, the display device 
comprises, for example, a microprocessor or a look-up table in which an extra correction can 
25 be computed (or fixed at a one-time base) in a simple manner for, for example temperature 
variations. 

If the active switching element is, for example, a TFT, each pixel may be 
provided with an extra capacitor. The charge stored on the extra capacitor during the 
selection period (which may now be much shorter) also determines the charge across the 
30 pixel (and hence the polarization). 

Another embodiment is characterized in that the active switching element 
is a TFT on the first substrate, and the control circuit comprises means for inverting the 
voltage of a counter electrode located on the second substrate at every drive period. In this 
case, lower drive voltages and hence cheaper control circuits are sufficient. 
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These and other aspects of the invention will be apparent from and 
elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

Fig. 1 is an equivalent circuit diagram of a part of a display device 
according to the invention, 

Fig. 2 is a diagrammatic cross-section of the device of Fig. 1, 

Fig. 3 shows diagrammatically the position of the polarizers with respect 
to the helix (Fig. 3a) and the transmission/voltage characteristic (Fig. 3b) of a device 
according to the invention, 

Fig. 4 shows diagrammatically some voltage waveforms and the 
associated polarization and transmission curves for the device of Fig. 1 driven by means of a 
known method, 

Fig. 5 shows diagrammatically the same as Fig. 4 when a method 
according to the invention is used, 

Fig. 6 is an equivalent circuit diagram of a part of the device of Fig. 1, 

Fig. 7 is an equivalent circuit diagram of a part of another device 
according to the invention, while 

Figs. 8 and 9 show the associated voltage waveforms and the associated 
polarization and transmission curves for the device of Fig. 7, and 

Fig. 10 shows yet another device according to the invention. 

Fig. 1 is an equivalent circuit diagram of a part of a display device 1. 
This device comprises picture elements or pixels 2 arranged in rows and columns. In this 
embodiment, the pixels 2 are connected to column or data electrodes 4 via two-pole switches, 
here MIMs 23. A row of pixels is selected via row or selection electrodes 5 which select the 
relevant row. The row electrodes 5 are successively selected by means of a multiplex circuit 
6. 

After possibly having been processed in a processing/drive unit 8, 
incoming information 7 is stored in a data register 9. The data voltages presented by the data 
register 9 cover a voltage range which is sufficient to set the desired grey levels. Pixels 2 are 
then charged during selection, dependent on the voltage difference between the picture 
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electrodes 13, 14 and the duration of the information-determining pulse. The picture 
electrodes 14 constitute a common row electrode 5 in this embodiment. 

To prevent that new picture information is written in a delayed manner 
due to charge of a previous (sub-)frame which is still present on the pixels, the incoming 
5 data signal 7 may be adapted in the processing unit 8 to be described hereinafter, which will 
be further elucidated with reference to Fig. 6. 

The use of the active switching elements prevents signals at the column 
electrodes for other pixels from influencing the adjustment of the voltage across the pixels 
before these pixels are again selected (in a subsequent (sub-)frame). 
10 Fig. 2 is a diagrammatic cross-section of the device shown in Fig. 1. A 

first substrate 18 is provided with column electrodes 4 and picture electrodes 13, in this 
embodiment of a transparent conducting material, for example, indium tin oxide which are 
connected to the column electrodes 4 via the MIMs 23 by means of connections 19 (shown 
diagrammatically) . 

IS A second substrate 22 is provided with picture electrodes 14 which are 

integrated to common row or selection electrodes 5 in this embodiment. The two substrates 
are also coated with orienting layers 24, while a ferroelectric liquid crystal material having a 
deformable helix 25 is present between the substrates in this embodiment. Possible spacers 
and the sealing edge are not shown. The device also comprises a first polarizer 20 and a 

20 second polarizer or analyzer 21 whose axes of polarization cross each other perpendicularly. 

Fig. 3 shows diagrammatically a transmission/voltage characteristic (Fig. 
3b) of a cell in such a device, in which in the absence of the electric field, the axis of the 
helix (and hence the optical axis 28) of the DHFLC material is chosen to be parallel to one 
of the polarizers (see Fig. 3a), which is referred to as the symmetrical mode. Due to an 

25 applied electric voltage across the cell, the molecules attempt to direct their spontaneous 
polarization towards the associated field; between crossed polarizers with the axis of the 
helix parallel to one of the polarizers, this leads to a transmission/voltage characteristic 
which for both positive and negative voltages exhibits an increasing transmission upon an 
increase of the voltage (Fig. 3b). However, the invention is also applicable in the 

30 asymmetrical mode, in which the crossed polarizers are rotated with respect to the cell in 
such a way that the optical axis of the helix of the DHFLC material in the driven state 
coincides with one of the polarization directions. 

To prevent unwanted charge effects, the cell of the device of Figs. 1 , 2 is 
preferably driven with voltages having an alternating sign. Fig. 4a shows the voltage 
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waveform at a selection electrode 5 and Fig. 4b shows the voltage waveform at a column 
electrode 4. 

Fig. 4c shows the resultant transmission. This Figure shows that at a fixed 
transmission value T to be set, and apart from short periods of zero transmission, said 
transmission reaches the ultimate transmission value T in several (here at least 4) switching 
periods via a number of intermediate values which are both below and above this value, 
which is completely in contradistinction to the expectation based on the high switching rate 
of the DHFLC material. The cause of this effect should be found in the high value of the 
spontaneous polarization of these materials. Moreover, the conventional pulse duration of the 
pulses at die electrodes 13, 14 (in practice, for example, 64 ^sec in TV systems) is too short 
for supplying the polarization current (i.e. for completely switching the polarization). After 
selection, the cell having cell capacitance C 0 has a voltage of, for example V 0 , which 
corresponds to a charge Q = C 0 .V 0 . During the subsequent non-selection period 
(corresponding, in TV systems, to the rest of a frame period) the charge supplies the 
polarization current (or a part thereof) still to be supplied. Consequently, the voltage across 
the pixel decreases, as is shown in Fig. 4d. If voltages changing sign occur across the pixel, 
not only polarization of the previous setting should be eliminated upon each setting operation, 
but also the polarization associated with the new transmission value should be set Due to the 
symmetrical, alternating drive, this results after 3 to 4 drive periods (or sometimes even 
more) in a substantially symmetrical variation of the voltage and hence of the polarization 
about the abscissa, as is shown in Fig. 4e, The transmission is subsequently substantially 
constant (for constant drive voltages). 

The waiting time before the ultimate transmission state is reached upon a 
change of incoming information 7 is, however, unacceptably long. According to the 
invention, this waiting time is decreased by correcting the data voltages upon a change of the 
incoming information. Correction of the data voltages upon a change of temperature is also 
possible. 

The invention is based on the recognition that, without any special 
measures, the successive data and selection voltages cause the polarization of the cell to 
change its sign from always different (absolute) values. As a result, the transmission of the 
cell also alternates so that it relaxes to a final value. By taking into account this variation of 
the absolute value of the polarization upon a change of the transition value in determining the 
voltage amplitude of the new data voltage to be presented, the desired transmission value is 
reached rapidly (usually within one drive period). 
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Fig. 5 shows a number of drive signals, namely the selection voltages for 
the row electrodes 5 (Fig. 5a) and the data voltages for the column electrodes 4 (Fig. 5b) in 
which (solid lines) the invention is realized for the device of Figs. 1, 2. The amplitudes of 
the data pulses (and the polarization) are identical in the first two frame periods (tft, t^ but 
5 of opposite sign (frame inversion). During the third frame (tg) a different data value is used, 
with which a different, in this case larger, polarization value is associated. This polarization, 
which is shown in Fig. 5c, should acquire the absolute value P 2 (when the information 
afterwards remains the same). To prevent the above-mentioned oscillations in the voltage 
across the display cell (and the polarization and transmission), the data signal is corrected 

10 during tg in such a way that the desired values of cell voltage and polarization are obtained 
already during this frame period. The amplitude change of data signals received in successive 
frames is processed in the data voltage presented (to the column electrodes 4) in such a way 
that the polarization (which is Pj and -Pj during tfj and t^, respectively) immediately 
acquires substantially the value P 2 . Since with an increasing amplitude of the data signal, 

15 which is assumed to remain equal during some drive periods, the polarization acquires a 

value P 2 after selection in the frame tf 4 , this polarization changes upon selection during tg by 
a value + ( P 2 I and upon selection during tf 4 by a value | 2P 2 | . Since | P! | 

< I p 2 I » * e amplitude of the adapted data voltage during is smaller than the amplitude 
of the adapted data voltage during tf 4 . 

20 Since the polarization of previous frame periods is compensated at a 

varying data signal during selection, the desired (new) value of the voltage across the cell is 
reached immediately after selection, which new value now exclusively depends on the 
incoming signal 7. The above-mentioned memory effect is thereby eliminated. The associated 
voltages across the cell are shown in Fig. 5d and the associated transmission curve is shown 

25 in Fig. 5e. The broken lines in Figs. 5c, 5d, 5e show the polarization, voltage and 
transmission curves without correction. 

The compensation mode will be further described with reference to Fig. 6 
in which a part of the processing unit 8 is shown. If necessary, incoming data or video 
signals 7 of a frame are converted into binary data via an A/D converter 29 and stored in a 

30 frame memory 30 (or a delay line) and simultaneously applied to the look-up table or 

computing unit/microprocessor 31. During writing of the frame memory 30, its contents are 
compared with those of the previous frame. The information supplied by the look-up table or 
computing unit 31 is thus determined in this case by the contents of two successive frames 
and converted by means of a D/A converter 32 into the correct voltages which are applied as 
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data voltages to the column electrodes 4. Upon frame inversion and with an increasing 
amplitude of the data signal with respect to the amplitude of the data signal during the 
previous drive period, the amplitude of the data voltage is decreased, and upon a decreasing 
amplitude of the data signal with respect to the amplitude of the data signal during the 
5 previous drive period, the amplitude of the data voltage is increased in the manner as 
described hereinbefore. 

Fig. 7 is an equivalent circuit diagram of a part of another display device 
1. This device also comprises a matrix of pixels 2 arranged in rows and columns. In this 
embodiment, the pixels 2 are connected via three-pole switches, thin-film transistors (TFTs) 

10 3 in this embodiment, to column or data electrodes 4. A row of pixels is selected via row or 
selection electrodes 5 which select the relevant row via the gate electrodes of the TFTs. The 
row electrodes 5 are successively selected by means of a multiplex circuit 6. 

Incoming data signals or (video) information 7 are also processed in a 
processing/control unit 8 as described with reference to the previous embodiment, and stored 

15 in a data register 9. Pixels 2, here represented by means of capacitors, are positively or 
negatively charged via the TFTs 3 in that the picture electrodes 13 take over the voltage of 
the column electrodes during selection. In this embodiment, the picture electrodes 14 
constitute a common counter electrode which is denoted by the reference numeral 16. 

The associated voltage waveforms as well as the polarization and 

20 transmission curves are shown in Fig. 8. Fig. 8a shows the selection pulses during successive 
frame periods tf. At the start of the frame period tQ, when the polarization changes from -P x 
to P 2 , a compensated voltage V x is used instead of the data voltage V which realizes the 
polarization | P 2 | during later drive periods (Fig. 8d). Figs. 8c and 8e also show the 
associated voltages across the cell and the transmission curve. 

25 A variant of Fig. 8 is shown in Fig. 9. The counter electrode 16 is now 

provided with an alternating voltage V com (Fig. 9b), while selection voltages are presented 
during selection by means of the row electrodes (Fig. 9a). In this way, smaller column 
voltages are sufficient (Fig. 9c), while the same voltage variation V pix as in Fig. 8 is 
obtained across the pixel. In the embodiments shown in Figs. 8 and 9, an extra capacitance 

30 34 may be used advantageously, as is shown by means of broken lines in Figs. 7 and 8f. 
Since these are rapidly charged during selection, and the stored charge substantially 
determines the correct state of polarization during non-selection, the selection period (line 
period) may be short, for example < 10 jxsec, so that the device is suitable for (video) 
applications at high frame frequencies. 
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Fig. 10 is an equivalent circuit diagram of a part of a display device using 
diodes. Of each pixel 2, which is now formed by picture electrodes 13, 14 arranged on 
facing substrates, the picture electrode 13 is connected in this embodiment to a column 
electrode 4 via a diode 10 and to a line 12 for a common reference voltage via a second 
5 diode 11. The picture electrode 14 of each pixel is connected to a row electrode 5, while 
several picture electrodes in a row may be integrated to form one row electrode. In this 
circuit diagram, the data voltages can also be corrected in the same way as described with 
reference to Figs. 1, 5, so that the correct polarization value is immediately adjusted upon a 
change of the data signal. 

10 The invention is of course not limited to the embodiments shown, but 

several variations are possible within the scope of the invention. For example, both reflective 
and transmissive display devices may be used. 

The invention is also applicable to liquid crystal systems other than those 
based on DHFLC, such as the above-mentioned effects (ferroelectric LCD with a twisted 

15 smectic structure, monostable FLCD, electroclinic smectic A LCD, and anti-ferroelectric 
LCD). 

In summary, the invention provides the possibility of eliminating the 
memory effect in video applications in liquid crystal display devices having a high 
polarization of the LC material (notably DHFLC, twisted FLC, monostable FLC, 
20 electroclinic smectic A and anti-ferroelectric LC) by presenting compensation voltages in 
matrix displays based on MIMs or TFTs or diodes, dependent on the data in a previous 
frame, so that the polarization within a cell always switches to the correct value. 
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CLAIMS; 



1. A display device comprising a plurality of pixels arranged in the form of a 
matrix in rows and columns, with a liquid crystal material from the group of smectic liquid 
crystal materials comprising ferroelectric liquid crystal material having a deformable helix, 
ferroelectric liquid crystal material having a twisted smectic structure, monostable 

5 ferroelectric liquid crystal material, electroclinic smectic A liquid crystal material and anti- 
ferroelectric liquid crystal material between a first substrate and a second substrate, and 
further comprising a group of row electrodes and a group of column electrodes, each pixel 
on at least one substrate comprising a picture electrode which is connected to a column 
electrode or row electrode via an active switching element, the display device comprising 

10 means for presenting selection voltages to the row electrodes and data voltages to the column 
electrodes, characterized in that the display device comprises a control circuit for 
compensating the voltage amplitude of the data signal, at least a part of the compensation 
being determined by the data signal during a previous drive period. 

2. A display device as claimed in Claim 1, characterized in that the control 
15 circuit changes the data voltage only when the amplitude of the data signal voltage changes 

with respect to the amplitude of the data signal voltage during the previous drive period. 

3. A display device as claimed in Claim 2, characterized in that the data 
signal voltage is inverted during successive drive periods and in that, with an increasing 
voltage amplitude of the data signal with respect to the voltage amplitude of the data signal 

20 during the previous drive period, the control circuit decreases the voltage amplitude of the 
data signal voltage to a value between the voltage amplitude of the drive signal during the 
drive period and the voltage amplitude of the drive signal during the previous drive period, 
and, with a decreasing voltage amplitude of the data signal with respect to the voltage 
amplitude of the data signal during the previous drive period, increases the voltage amplitude 

25 of the data signal to a value between the voltage amplitude of the date signal during the drive 
period and the voltage amplitude of the data signal during the previous drive period. 

4. A display device as claimed in any one of Claims 1 to 3, characterized in 
that the control circuit comprises a microprocessor or a look-up table. 

5. A display device as claimed in Claim 4, characterized in that the 
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microprocessor or the look-up table also compensates for temperature variations. 

6. A display device as claimed in any one of Claims 1 to 5, characterized in 
that the drive periods are frame periods. 

7. A display device as claimed in any one of Claims 1 to 6, characterized in 
5 that the active switching element is a TFT, and each pixel is provided with an extra 

capacitor. 

8. A display device as claimed in any one of Claims 1 to 7, characterized in 
that the active switching element is a TFT on the first substrate, and the control circuit 
comprises means for inverting the voltage of a counter electrode on the second substrate at 

10 every drive period. 
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